describe functional ventricular obstruction which simulates aortic valve stenosis. Other workers (Brock, 1957 (Brock, , 1959 Teare, 1958 ; Morrow and Braunwald, 1959; Brent et al., 1960; Brockenbrough, Braunwald, and Morrow, 1961; Goodwin et al., 1960) have also emphasized the functional nature of the myocardial obstruction. Criley et al. (1965) developed a new concept ofthe condition, illustrating seven patients in whom there was a pressure gradient without obstruction. Braunwald and Ebert (1962) and others have shown that increased beta-adrenergic stimulation increased the apparent obstruction to flow, from both the right and the left ventricle in muscular subaortic stenosis. It has been shown that digitalis has a similar action (Braunwald, Brockenbrough, and Frye, 1962) . Cohen et al. (1964) studied the acute effect of beta-adrenergic blockade in patients with muscular subaortic stenosis using pronethalol during cardiac catheterization, and later Cherian et al. (1966) showed that propranolol would prevent the increase in dynamic obstruction which occurred with exercise or isoprenaline infusion. It was noted that propranolol had very little or no effect on the hiemodynamics at rest.
The importance of the adrenergic nervous system in this condition was reinforced by the findings of Everson Pearse (1964) , who examined operative specimens of ventricular septal myocardium from two patients and showed an increased amount of noradrenaline in the hypertrophied muscle. This observation of increased noradrenaline store has been confirmed in one patient submitted to ventriculomyotomy at the Royal Melbourne Hospital (G. Burnstock, personal communication, 1966) . Received December 19, 1966. 783 All evidence points to the involvement of the betaadrenergic receptors in the myocardium as being involved in muscular subaortic stenosis. The value of prolonged beta-adrenergic blockade was studied in a group of patients with the clinical and haemodynamic features of muscular subaortic stenosis. This paper presents our observation in five patients treated with the beta-adrenergic blocking drug, propranolol.
SUBJECTS AND METHODS
Five patients with clinical evidence of muscular subaortic stenosis were selected for study. There were two women and three men. Their ages ranged from 19 years to 53 years. The diagnosis was established in all by right and left heart catheterization with cine-angiocardiography (Table I) . Left ventriculography was most useful in confirming the diagnosis. In all five patients selected, there was hypertrophy of the interventricular septum and papillary muscles. In all patients cine-angiocardiography demonstrated a variable degree of mitral regurgitation. It was noted that the left ventricular cavity emptied very rapidly and that pockets of the left ventricular cavity were devoid of contrast medium in late systole. This appearance conformed with the description of cavity evacuation (Criley et al., 1965) .
The ventilatory capacity was assessed from a forced expiratory spirogram recorded with a low resistance spirometer; and the forced expiratory volume at one second (FEV1) was read off with a scaled transparent protractor. The vital capacity was estimated in the conventional manner from an unhurried expiration. For both FEV1 and vital capacity the highest reading from several attempts was accepted and all gas volumes were expressed as volumes at body temperature, ambient pressure, and saturated with water vapour. An exercise test was used to assess the ventilatory response to exercise. The test was as described by Sloman and Gandevia (1964) . The patients climbed up and down steps at a steady rate for 5 minutes, the work performed being controlled by adjusting the step height and the rate of stepping according to the patient's weight. The work Graeme Sloman (Sjostrand, 1960; Hellerstein et al., 1963) . If this heart rate could not be reached then the PWC150 was calculated by extrapolating the measurements of the heart rate at the lower work levels. In one patient an acute study was carried out to record the changes in heart rate after first giving an intravenous dose of propranolol alone, and then propranolol in conjunction with atropine ( Fig. 1) . ness of breath and progressive ankle cedema. Propantheline bromide was used in two patients in a dose of 15 mg. twice a day to counteract the unpleasant sideeffects of the unmasked vagal activity. Patients were followed by regular clinical assessment, chest x-ray examination, and electrocardiography. The ventilatory responses to exercise and the physical working capacity tests were repeated frequently in an attempt to obtain objective assessment of the patients' progress.
RESULTS
Four patients reported initial improvement. Dizziness on exertion and syncopal attacks which had been present in all four were abolished. Anterior chest pain due to myocardial ischmmia was less frequent. The exercise tolerance as assessed by the patient was increased. In three patients, despite increasing doses of propranolol, the initial improvement was not maintained. No syncopal attacks occurred in these patients while on treatment; however, minor dizzy turns were noted and three patients experienced a recurrence of shortness of breath.
One patient (B. T.) reported dramatic improvement after starting therapy and this improvement was maintained for 9 months. There was complete freedom from syncope and dizzy turns. The anterior chest pain, which had been present on moderate activity before treatment, did not return. The patient commenced to swim and dance again.
The fifth patient (J. L.) deteriorated on treatment.
The shortness of breath was troublesome and fluid accumulated in the lower extremities. In this patient, who was in atrial fibrillation, propranolol caused slowing of the heart rate, both at rest and on exercise. Despite this dramatic effect, there was general deterioration while the patient continued on this treatment. Withdrawal of propranolol was associated with considerable improvement.
During treatment there was no consistent change in the resting blood pressure in any patient. The heart rate was slowed in all patients, with a mean casual heart rate before treatment of 94 a minute and after treatment of 70 a minute. Auscultatory findings were not altered during the period of treatment; however, the systolic murmur varied in intensity from examination to examination and was always accentuated by exercise and was best heard in full expiration.
Radiological examination did not show any significant change in cardiac size in four of the patients. However, in J. L. the heart size increased with associated pulmonary venous congestion. The serial electrocardiograms showed no alteration during the period of observation, except for the general heart rate slowing.
Ventilatory Capacity and Ventilatory Response to Exercise. There was no change in the ventilatory capacity during treatment with propranolol. The ventilatory response to exercise was increased in two patients and decreased in one patient (B. T.) (Table II) . It was not possible to repeat the ventilatory response to exercise tests on J. L. while receiving treatment, because of the increase in shortness of breath and limitation in physical activity.
Physical Working Capacity Tests. A heart ratework ratio (PWC) was measured in all patients (Table III) . One patient (J. L.) preferred to be tested on a bicycle ergometer while the remainder carried out their tests on a motor-driven treadmill with the footpath inclined at five degrees. While receiving propranolol all patients demonstrated a reduction in the resting heart rate, standing on the treadmill, before starting the exercise. The average reduction in heart rate was 28 beats a minute. (1964) has demonstrated in the myocardium removed from the septal region at operation the proliferation of sympathetic nerve fibres (sympathosis), with consequent and demonstrable increase in noradrenaline (noradrenosis). Whether or not this is the primary abnormality in muscular subaortic stenosis is unknown. It appears logical to evaluate the effect of blocking the action of this excess noradrenaline in patients with muscular subaortic stenosis on a long-term basis. Cherian et al. (1966) confirmed that betaadrenergic blockade had little or no effect on the hemodynamics of muscular subaortic stenosis at rest. However, they did show that blockade would decrease or abolish the increase in dynamic obstruction resulting from exercise or isoprenaline infusion. Beta-adrenergic blockade with propranolol caused a significant reduction in heart rate, both at rest and on exercise, in all our patients. It was hoped that long-term treatment, while reducing the frequency of syncopal attacks and dizzy turns associated with marked tachycardia, might also protect the patient from the possibility of sudden death due to arrhythmias. Optimistically it was also thought that the muscular hypertrophy associated with the condition * PWC = Physical work capacity might regress during long-term treatment with betaadrenergic blockade.
While initial symptomatic improvement was present in four of our five patients on long-term treatment, improvement was not dramatic in three of the four, and, in one, symptoms returned and then progressed and, finally, surgical treatment was advised. In only one patient was there dramatic improvement and this appeared to be associated with slowing of the heart rate during exercise.
In one patient, where propranolol was associated with clinical deterioration, this was probably due to the removal of the patient's sympathetic drive to the myocardium. This patient (J. L.) showed sensitivity to propranolol, as judged by the reduction in the resting and the exercise heart rate. "'Heart failure" was precipitated with increased fluid retention, despite the better control of heart rate both at rest and on exercise. It is recommended that when a patient exhibits classical evidence of heart failure associated with muscular subaortic stenosis, beta-adrenergic blockade should only be used with great caution, as the drug may remove the essential sympathetic drive and lead to death. Cherian et al. (1966) reported subjective improvement in 10 of their 13 patients treated with betaadrenergic blockade. Using a similar dosage regime our results were less favourable. It is suggested that propranolol has a definite, but probably limited, place in the management of patients with symptoms associated with muscular subaortic stenosis. In the patient in whom the symptoms are specifically related to undue tachycardia on exertion, a good initial response may be anticipated. The heart rate work ratio is reduced, allowing longer time for diastolic filling, and perhaps this explains the relief from syncope on exertion and the reduction in incidence of ischemic chest pain.
There is no evidence as yet that long-term treat-ment will cause regression in the ventricular hypertrophy; however, it is suggested that prolonged treatment with beta-adrenergic blockade will reduce the noradrenaline content of the myocardium. When fluid retention has occurred in muscular subaortic stenosis, beta-adrenergic blockade is probably contraindicated.
SUMMARY
This paper reports the results of long-term treatment with a beta-adrenergic blocking drug (propranolol) in five patients with proven muscular subaortic stenosis. Four patients showed initial improvement. However, treatment had to be discontinued in the fifth patient because of increased fluid retention and shortness of breath. There was no change in the ventilatory capacity after treatment, nor was there significant change in the ventilatory response to exercise. The physical working capacity (pulse rate/work ratio) showed an improvement in all five patients, due to the marked reduction of heart rate at rest and on exercise. It is suggested that the patients most likely to benefit from this form of treatment are those with symptoms associated with a high resting and exercise heart rate. Patients demonstrating fluid retention should not be treated with beta-adrenergic blockade. Although our experience is still small, it is suggested that beta-adrenergic blockade may be of value in the long-term management of certain patients with muscular subaortic stenosis; however, surgical treatment will be required in those patients who do not maintain initial improvement, or in those where blockade is contraindicated.
